Titanium 
Introduction
Among all transition-metal oxides, titania or titanium dioxide (TiO 2 ) has a wide range of applications because of its excellent optical transmittance, high refractive index non-toxic, environmentally friendly, corrosion-resistant material and inert chemical properties. TiO 2 in all its crystal forms is a wide-bandgap semiconductor (Eg ≈3 eV) with suiTab. band-edge positions that enable its use in solar cells or photovoltaic devices [1] [2] [3] , in photocatalytic reactions [4] [5] , and antibacterial purposes [6] [7] . Photogenerated electron-hole pairs can be used for splitting water into oxygen and hydrogen, or can be used for the remediation of hazardous wastes, such as contaminated ground waters, or the control of toxic air contaminants, for super hydrophilic and light-induced amphiphilic surfaces [8] [9] [10] [11] [12] [13] .
The two most commonly synthesized TiO 2 structures are the low-temperature, anatase (I4 1 /amd, tetragonal) [14] and the high-temperature, thermodynamically sTab. rutile form (P4 2 /mnm, tetragonal) [15] , though a second metasTab. TiO 2 variant brookite (Pbca, orthorhombic) [16] and TiO 2 (B) (C2/m, monoclinic) [17] are sometimes observed. The kinetically sTab. anatase phase is nearly four times more photocatalytically active than rutile TiO 2 phase, though mixed phase materials can be more active than pure anatase, and rutile nanoparticles show oxidative catalytic activity.
Recently, TiO 2 materials with low dimensional (1D), such as nanoribbons, nanofibers, nanowires and nanotubes have attracted the interest of researchers and users because of its unique microstructure, surface area, morphology and function. Low-dimensional (1D) TiO 2 -related materials prepared by chemical process are particularly interesting, because of their large specific surface area. Therefore, this material was developed as a photocatalyst, environmental purification, solar cells, gas and humidity sensors [18] [19] [20] [21] . TiO 2 -nanotube was first successfully synthesized by Kasuga et al. by treating TiO 2 in 10 M NaOH solution for 20 h at 110 °C [22] . In this paper, a simple technique reflux was applied to synthesize TiO 2 (B)-nanotube materials. The effect of in-situ sintering temperatures of TiO 2 (B)-nanotubes on its microstructure were investigated.
Experimental 2.1. Synthesis of TiO 2 (B)-nanotubes
In these experiments, all the reagents were used without purification. Powder of Ti(O 2 )O.2H 2 O was obtained from the reaction of TiCl 4 (Merck) and H 2 O 2 (Merck) at atmosphere of N 2 gas [23] . A total of 5 g of Ti(O 2 )O.2H 2 O and 100 mL of 10M NaOH solution were put into a polypropylene boiling flask. The suspension was stirred at room temperature for 2 h, then it was heated with a magnetic stirrer in reflux equipment at 150 °C for 24 h. The powder was filtered in the vacuum, washed by distilled water, and dried at 100 °C for 2 h.
Influence of Sintering Temperatures
The obtained powder was put into 100 mL of 0.1 M HCl solution and stirred for 5 h. The suspension was filtered and washed by distilled water until the washing water showed pH~6-7. After the washing treatment, it was filtered and subsequently dried at 70 °C for 20 h in an oven. The TiO 2 nanotube particles were sintered for 1 h from 100 to 1000 °C at interval of 50 o C and then the corresponding powder XRD at each temperature was recorded.
Characterization methods
The surface morphology of TiO 2 -nanotubes were observed using a high resolution scanning electron microscope (HRSEM) JEOL 6400-F with a tungsten cathode field emission gun operating at 8 kV, while the morphologies and microstructures were investigated with a Hitachi HNAR-9000 high temperature resolution electron microscope (HRTEM) using 300 kV accelerating voltage.
Diffraction patterns of all products were collected using a Siemens D5000 diffractometer, operating in the Bragg configuration using Cu Kα radiation (λ = 1.5406 Å) from 5 to 80° at scanning rates of 0.3° per min. The accelerating voltage and the applied current were 40 kV and 30 mA, respectively.
The porous structure characteristics were obtained from the conventional analysis of nitrogen adsorption-desorption isotherms measured at 77 K with Micromeritics ASAP 2020 instrument. The product was degassed at 100 °C prior to BET (Brunauer-Emmett-Teller) measurements [24] . The BET specific surface area (S BET ) was determined by a multipoint BET method using the adsorption data in the relative pressure (P/P0) of ~ 0.30. The desorption isotherm was used to determine the pore size distribution using the Barret-JoynerHalender (BJH) method [25] . The nitrogen adsorption volume at the relative pressure (P/P0) of ~ 0.96 was used to determine the pore volume and the average pore size.
Result and discussion 3.1. Characterization of TiO 2 (B)-nanotubes
The HRSEM images of the obtained product show large quantity of tubular materials with narrow size distribution (Fig. 1a) . The image shows typical structure observed throughout the powder indicating that the yield of nanotubes from the technique reflux in the synthesis is high. The EDS analysis (Fig. 1b) reveals the presence of Ti and O elements in the nanotubes which were found in the mol ratio of Ti/O to be 0.901/2.008. (Fig. 4p to 4s ) are indexed as the (110), (101), (200), (111), (211) reflections of crystalline rutile phase, corresponding to those shown in the COD card No. 9004141. Formation of rutile phase at high temperatures as this study is in accordance with the results of the work reported by Porozova et al. [28] . 
Characterization of TiO 2 phases

Surface area and pore size distributions of of TiO 2 -nanotubes
The nitrogen adsorption-desorption isotherm of the obtained product is presented in Fig. 5a . The obtained product shows the type IV isotherm according to the classification developed by deBoer and codified by Brunauer et al. in Condon (2006) [29] . The isotherm type IV represents a capillary condensation phenomenon. The isotherm type is characteristic of a material, which contains mesoporosity and has a high energy of adsorption. These often contain hysteresis attributed to the mesoporosity. The type of hysteresis loop of this material is type H3 according to the classification developed by an IUPAC committee. The hysteresis loop of type H3 is marked by presence the sloping adsorption and desorption branches covering a large range of P/P o with underlying type II isotherm. Based on type H3, the product has slit-like pores for which adsorbent-adsorbate pair would yield a type II isotherm without pores. Fig. 1 and 2 , the smaller pores (< 5 nm) may correspond to the pores inside the nanotubes and the diameters of these pores are equal to the inner diameter of the nanotubes, while the larger pores (10-12 nm) can be attributed to the aggregation of the nanotubes. The pore structures were analyzed further by the BJH method from N 2 adsorptiondesorption isotherm. 
Tab. I
Conclusion
Based on the obtained results, it can be concluded that the TiO 2 (B)-nanotubes could be easily synthesized using a simple technique reflux at 150 °C for 24 hours from Ti(O 2 )O.2H 2 O as a precursor. The TiO 2 (B) products have nanotubular structures with the diameters of about 10-12 nm in outer and approximately 4-5 nm in inner. The phases of TiO 2 obtained from the sintering process of TiO 2 (B)-nanotubes at 100 to 250°C are indexed as TiO 2 (B) phase, at 300 to 450 °C are indicated as mixed two phases of TiO 2 (B) and anatase, at 500 to 650 °C are dominated by anatase phase, and at 700 to 800 °C are indexed two phases of TiO 2 : anatase and rutile, then at 850 to 1000 °C is dominated by rutile phase.
